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Landslides have been a significant part of Maine’s
geologic history since the final stages of the last Ice
Age (about the past 14,000 years). Many different
types of landslides can occur anywhere in the state
but are most common in southern Maine due to the
presence of the Presumpscot Formation – a
“sensitive” glaciomarine mud that can deform and
flow when disturbed or left unsupported (see
Thompson (2015) and Weddle (2000) for more
information).

Hitchcock (1836)

Introduction

Figure 1. Top: Sketch of a landslide (Hitchcock, 1836) that
occurred in 1831 along the Presumpscot River in Westbrook,
ME, near what is now the U.S. Route 302 bridge. Bottom:
Photo of the 1868 landslide crater (see Dickson (2014) for
more information); photo courtesy of the Westbrook
Historical Society.
Maine Geological Survey, Department of Agriculture, Conservation & Forestry
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Historic and modern landslides in southern Maine
(Fig. 1) have made residents and geologist aware of
the likelihood of these events, but no one knew just
how extensive Maine’s landslide history was until
lidar.
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Lidar

Lidar stands for Light Detection and Ranging and is essentially a laser scan of the earth’s surface that can
be processed to remove buildings and vegetation, resulting in a detailed view of the landscape (see
Thompson (2011) for more information). In a heavily forested state like Maine, lidar has revealed many
geologic features including hundreds of previously unknown landslides (Fig. 2).
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Figure 2. Top: Aerial imagery and
topographic contours for the Swan Pond
Brook valley in Biddeford, ME give the
impression of an average stream valley.
Bottom: Lidar hillshade imagery for the
exact same area reveals that the valley
has many prehistoric landslides (outlined
in red). Geologists can identify the
landslides with lidar due to their unique
“rumpled” or “hummocky” topography.
Maine Geological Survey, Department of Agriculture, Conservation & Forestry
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Determining Landslide Age

Because there are no formal records of the landslides revealed by lidar, we can assume that they occurred
before early written historical accounts of the region (1600s). Determining when these landslides occurred
is important for understanding the factors that cause these events, which may help us to prepare for
possible future events. There are many methods that can be used to estimate the ages of geologic events selecting the best method depends on the probable age of the event and the types of earth materials
involved. These landslides must have happened after the end of the last Ice Age so they are relatively
young (geologically speaking), and the ages of the earth materials that comprise the landslide are more
related to older geologic processes than the landslide itself. This means that the best method for
estimating landslide ages in southern Maine is through radiocarbon dating of vegetation or other living
matter that was:
• caught up in the landslide;
• buried by the landslide;
• deposited on top of the landslide after it occurred.
Radiocarbon dating is a very common method used in many disciplines from archaeology to geology. If you
would like to read more about how radiocarbon dating works, check out this summary or this video.
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Landslide Age (cont’d)

Picture a hillside in southern Maine, covered with a forest that has been evolving since the end of the last
Ice Age (Fig. 3).

Figure 3. Side view of a forested hillside before a landslide.
The brown line represents the soil in which the trees are
growing. Illustration: MGS.

SOIL

Now imagine that a landslide has occurred, moving blocks of the hillside downslope, killing and burying
trees and vegetation that were on the slope or in its path (Fig. 4).
LANDSLIDE

Figure 4. The same hillside after a landslide, with vegetation
destruction. Illustration: MGS.

Maine Geological Survey, Department of Agriculture, Conservation & Forestry
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Landslide Age (cont’d)

Now imagine that you are a geologist in modern-day Maine and you have been tasked with figuring out
when this landslide occurred. The landslide site has been evolving since the event and is covered with a
new forest (Fig. 5). Depressions on the landslide surface known as “swales” may be filled with water,
sediment, and/or peat. There are many good options to investigate, so let’s have a closer look.

SWALES

Figure 5. Side view of the landslide in modern times. Illustration: MGS.

Maine Geological Survey, Department of Agriculture, Conservation & Forestry

6

Maine Geological Survey

Prehistoric Landslide Ages
Landslide Age (cont’d)

The first option is to find vegetation that was caught up in and killed by the landslide. These types of
samples are usually found in the lower edge of the landslide (known as the “toe”; Fig. 6). Finding these
samples can be a bit like finding a needle in a haystack and require a bit of luck or excavation of a large
portion of the toe, which happened at one site in Portland (Fig. 6).
TOE

Figure 6. Top: Vegetation in the
landslide toe. Illustration: MGS.
Bottom: Trees buried in a
landslide toe in Portland, ME,
uncovered by excavation for a
large
construction
project.
Radiocarbon dating indicates
that these trees were killed by
the landslide about 13,500 years
ago (Thompson and others,
2011). Photos: MGS.

Vegetation caught in toe
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Landslide Age (cont’d)

The second option is to find vegetation or soil that was buried by the landslide (Fig. 7). This is usually done
by drilling through the landslide with a soil auger to find a soil that was buried by the toe. Plant fragments
in the soil are then used for radiocarbon dating. Well-preserved fragments are sometimes still green!
Figure 7. Top: Soil buried by the
landslide toe. Illustration: MGS.
Below (left to right): Augering
through a landslide toe; auger
with buried soil; plant fragments
from a buried soil.

TOE
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Soil buried by toe
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Landslide Age (cont’d)

Vegetation caught up in or buried by a landslide yield maximum age estimates for the landslide (Fig. 8).
The plants were likely killed by the landslide but may have been dead before the event, so we know that
the landslide can’t be any older than these specimens.
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Figure 8. More buried trees and soil.
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Landslide Age (cont’d)

The third way to determine landslide age is to sample vegetation or other organic deposits that have filled
in the swales since the landslide occurred. A soil probe is used to sample sediments from the bottom of
the swale that were the first to accumulate after the landslide occurred (Fig. 9). These samples yield a
minimum age estimate – the landslide can’t be any younger than these samples. A site with swale
samples and buried vegetation samples can been given a minimum to maximum age range, but it is rare to
find both types of samples at one landslide.
SWALES

Figure 9. Top: Side view of the landslide
swale deposits. Illustration: MGS.
Bottom: Organic sediments from the
bottom of a swale.

Maine Geological Survey, Department of Agriculture, Conservation & Forestry
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Landslide Age (cont’d)

There is one more method that could be used to determine landslide ages – dendrochronology, the study
of tree rings. If we can assume that trees growing on a landslide deposit have been undisturbed since the
event, a core sample can be taken from the tree and analyzed to determine its age (Fig. 10). The landslide
must be older than the tree. Unfortunately, this method can’t be used in Maine because it is likely that the
landslide was logged at some point in the recent past, altering the forest record.

Figure 10. Using an increment
borer to sample tree rings for
analysis. Illustration: MGS.

K. Spigel, Unity College
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Landslide Age (cont’d)

So how old are Maine’s prehistoric landslides? The Portland site shown in Figure 6 was the first prehistoric
landslide to be studied in Maine and it is quite old (about 13,500 years), so geologists thought that the
other prehistoric landslides were also very old. The Maine Geological Survey studied 28 more landslides
from 2016-2019:
• The landslides uncovered by lidar are not all very old - 25 landslides were younger than 5,000 years
old.
• Most landslides were scattered randomly through time, so they were likely caused by local factors such
as stream or river bank erosion.
• A group of 10 landslides occurred around 600 years ago so something significant may have happened
then, like an earthquake or very wet conditions.
If you would like to visit a prehistoric landslide, there are several on publicly accessible lands – see Spigel
(2017) or Spigel and Whittaker (2019) for two examples.

Maine Geological Survey, Department of Agriculture, Conservation & Forestry
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